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552a Wednesday, February 6, 2013As an application of this method we study a gene circuit with positive
autoregulation that exhibits bistability. We show how the region of bistability
becomes diminshed by increasing the effect of noise via a reduced copy number
of the regulatory protein. Cell volume determines the region of bistability for
different noise strength. The method is general and can also be applied to other
cases where synthesis of proteins are regulated and an appropriate analytical
description is difficult to achieve.
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Single-molecule, single-cell studies of genetic expression have provided key
insights into how cells respond to external stimuli [Munsky, B., et al., Science
(2012)]. By directly measuring copy numbers of individual bio-molecules in
cells, it is now possible to obtain statistical measures of the spatio-temporal dis-
tributions of key signaling and regulatory networks. Such comprehensive data-
sets can be used to infer system-level models that yield quantitative insight into
cellular regulation, predict cellular responses in new experimental conditions,
and suggest more revealing experiments to uncover regulatory dynamics.
The integration of single-molecule spectroscopy, biochemistry, and numerical
modeling is a powerful multi-disciplinary approach to investigating cellular re-
sponse at the genetic level.
A key issue we seek to address is what types of fluctuations are most informa-
tive about the underlying gene regulatory process. In other words, how much
experimental resources should be spent to measure (i) temporal, (ii) spatial,
or (iii) cell-to-cell fluctuations? As an example, we studied Interluekin 1-alpha
(IL1a) mRNA expression within human THP-1 cells during stimulus response
to lipopolysaccharide (LPS). By spatially resolving individual mRNA using
multiplexed single molecule FISH [Femino A.M., et al., Science (1998), Raj
A., et al., Nat Meth (2008)] in large populations of single cells at multiple times
points, we quantified all three fluctuation types.
We expanded the common bursting gene expression model [Peccoud, J.,
Theoretical Population Biology (1995)] and derived a set of linear ODEs to
describe the mean, variance, and co-variance of nuclear and cytoplasmic
IL1a mRNA. We fit this model to multiple single-cell datasets. Comparing
models inferred from each data set, we are able to draw conclusions on which
fluctuation types are most revealing about the underlying system’s mechanisms
and parameters, providing feedback for new experiments. The approach devel-
oped here is applicable to any eukaryotic gene expression pathway.
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The diffusion coefficient of the canonical transcription factor Lac Repressor,
LacI, within living Escherichia coli has been measured directly by in vivo
tracking to be D = 0.4 mm^2/s. At this rate, simple models of diffusion lead
to the expectation that LacI and other proteins will rapidly homogenize
throughout the cell.
We have tested this expectation of spatial homogeneity by high-throughput sin-
gle molecule visualization of LacI molecules non-specifically bound to DNA in
fixed cells to generate an ensemble average of the steady-state distribution of
protein in the cell. Contrary to expectation, we find that the distribution of
LacI depends on the spatial location of its encoding gene. We demonstrate
that the spatial distribution of LacI is also determined by the local state of
DNA compaction, and that E. coli can dynamically redistribute proteins by
modifying the state of its nucleoid. We then show that LacI inhomogeneity in-
creases the strength with which targets located proximally to the LacI gene are
regulated. Finally, we propose a model for intranucleoid diffusion which can
reconcile these results with previous measurements of LacI diffusion.
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Numerous transcription factors self-assemble into different order oligomeric
species in a way that is actively regulated by the cell. The functional role of
this widespread process is not yet completely understood. Here we capture
the effects of regulated oligomerization in gene expression with a novel quan-
titative framework. We show that this mechanism provides precision and flex-ibility, two seemingly antagonistic properties, to the sensing of diverse cellular
signals by systems that share common elements present in transcription factors
like p53, NF-kB, STATs, Oct, and RXR. Applied to the nuclear hormone recep-
tor RXR, this framework accurately reproduces a broad range of classical,
previously unexplained, sets of gene expression data and corroborates the ex-
istence of a precise functional regime with flexible properties that can be con-
trolled both at a genome-wide scale and at the individual promoter level.
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Noise in gene expression has been shown to play an important role in various
organisms. In particular, transcriptional bursts are thought to be a common
mode for mRNA output. Yet, the final patterns of gene expression, especially
in the case of multicellular organisms such as Drosophila melanogaster, are
highly precise and reproducible. In order to address this apparent contradiction,
we present a strategy to measure transcriptional dynamics in living fly embryos
by monitoring the production of mRNA at their sites of transcription on DNA
loci in real time simultaneously in hundreds of individual nuclei. In particular,
we measure the transcriptional activity of the hunchback promoter as a function
of the position along the embryo throughout the first three hours of develop-
ment. We observe ‘‘waves’’ of transcription associated with the progressing
mitotic cycles, where transcription rises steadily in the beginning of the nuclear
cycle, peaks mid-way through it and disappears during mitosis. Although the
overall shape of these transcription waves is similar, we see a high degree of
variability among nuclei. However, we see no evidence of transcriptional burst-
ing. Single molecule mRNA FISH reveals that this variability in transcription
rate does not translate into noise in the cytoplasmic mRNA distribution sug-
gesting the need for a mechanism of noise rectification. In fact, we observe
an overall 4-fold noise reduction between nuclear activity and cytoplasmic
mRNA levels. using a simple stochastic model we demonstrate that our noise
measurements can only be explained through a combination of both temporal
and spatial averaging.
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Synthetic biology has made tremendous recent strides in constructing artificial
cellular systems using minimal cell components ex vivo, creating an experi-
mental platform for characterizing the behavior of isolated cellular modules
and a form of biotechnology for the controlled operation of artificial cells.
The robustness and efficiency of these systems are nonetheless challenging
to control, in part because artificial cells establish an environment that is still
very different from that of actual living cells. Here, we present a novel ap-
proach towards bridging the gap between artificial and true cell environments
by developing artificial cells incorporating controlled macromolecular crowd-
ing, mimicking a key feature of natural cells known to dramatically influence
biochemical kinetics. We demonstrate the value of our approach by showing
that molecular crowding enhances gene expression and confers robustness
against perturbations of gene environments. We further elucidate the underly-
ing mechanisms of these phenomena at the single molecule level by demon-
strating how large crowding molecules decrease diffusion of T7 RNA
polymerase, but increase its binding to a T7 RNAP promoter. Based on
single-molecule results, we further show that the impact of molecular crowding
on gene circuits is enhanced by weak genetic components and maximized by
a negative feedback loop. By bridging a key gap between artificial cell technol-
ogy and the environment of living cells, we demonstrate the importance of
intracellular crowding to efficient and robust function of biological circuits
and suggest new engineering principles for controlled modulation of synthetic
genetic systems.
Platform: Protein Assemblies, Aggregates,
& Chaperones
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Wednesday, February 6, 2013 553aElastin-like Polypeptides (ELPs) are genetically engineered biopolymers that
are derived from the endogenous protein Tropoelastin. ELPs are structurally
disordered and soluble at low temperatures but transition to a b-spiral and
aggregate at a Transition Temperature (TT). This aggregation is being explored
as a novel drug delivery vector by thermally targeting systemically delivered
ELP-drug conjugates. We are investigating the biophysical properties of ELP
[V5G3A2-150] as a means of understanding and predicting the behavior
in vivo. We have investigated the hydrodynamic, structural and thermodynamic
properties of ELP[V5G3A2-150] through the use of CD, turbidity, DLS, DSC
and SV. DLS and SV analyses suggest that ELP[V5G3A2-150] experiences
small amounts of weak association below the TT that increase with temperature.
CD analyses further indicate that below the TT ELP[V5G3A2-150] consists of
both disordered (z75%) and b-conformation (z25%) and as the temperature
and concentration is increased the % b-conformation increases. The tempera-
ture & concentration dependence of b-conformation suggests that the weak
association can be attributed to heterogeneous b-sheets. SV revealed that above
the TT ELP[V5G3A2-150] exhibits a temperature dependent critical concentra-
tion (CC). This CC is consistent with the TT and suggests that the TT may be
described as a solubility constant.
Assembly in serum raises the TT byz 2.5C. This is opposite to the expected
effect of macromolecular crowding and suggests that certain serum proteins
may be associating with ELP[V5G3A2-150]. Investigation of this effect through
SV was greatly complicated by the presence of the Johnston-Ogston (J-O)
effect. Further investigation suggested additional complexity in systems
exhibiting the J-O effect than previously reported. Two of the additional com-
plexities already determined are cross-term hydrodynamic non-ideality and
high-concentration convection. Additional research into the effects of attaching
CPPs to ELP[V5G3A2-150] will be presented. Work supported by NSF ARRA
0959211 grant.
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SecA is an ATPase that mediates preprotein translocation through the SecYEG
channel. SecA is a potential target for antibacterial therapeutics because it is
crucial for protein transport and cell viability, it is highly conserved among spe-
cies of bacteria, and it has no close human homologs. As a central component in
the general secretion pathway of bacteria, SecA interacts with various ligands,
including other SecA molecules. SecA exists in a monomer-dimer equilibrium
at micromolar concentrations that is highly sensitive to salt concentration and
temperature. Although the structure of the SecA protomer is well-conserved
among bacterial homologs, multiple dimer interfaces have been identified.
To define the physiological dimer interface of SecA, we have performed
site-directed mutagenesis based on the alternative dimer interfaces reported
in the crystal structures. Residues for mutagenesis were chosen by computa-
tional alanine scanning using the program Robetta. The selected mutations
were predicted to destabilize the interface by at least 1 kcal/mol. By using
sedimentation velocity, we determined the effect of alanine substitution on
dimerization energetics. We have identified four residues that substantially
affect dimerization.
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The 70-kilodalton heat shock protein (hsp-70) is central to the cellular stress
response: almost all organisms express an hsp-70 analog. Hsp-70 is thought
to protect the cell against stress-initiated protein denaturation and aggregation
by binding hydrophobic residues exposed upon protein unfolding. Despite de-
cades of research using biochemical and biophysical techniques, the exact
mechanism with which hsp-70 interacts with its co-chaperones and selects its
target proteins is still unknown. We use FRET fluorescence microscopy to
watch fluorescently labeled hsp-70 bind unfolding protein targets with spatial
and temporal resolution both in vitro and in live cells. Proteins are unfolded
via steady state heating and infrared temperature jump with a time resolution
of 50 ms. We find that hsp-70 binds a destabilized mutant of phosphoglycerate
kinase (PGK) at ~40C in vitro and in cells, which is very close to the protein
melting temperature. We also find that when temperatures are increased up to
50C, hsp-70 does not bind a stable PGK mutant, which melts at 55C. Other
tested protein substrates are also bound by hsp-70 in a melting temperature
dependent interaction in cells. These results and future experiments will help
us shed light on the molecular mechanism used by hsp-70 to protect the cell
against protein denaturation and aggregation.2841-Plat
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The repeat domain (RPT) of Pmel17 is a functional amyloid that contributes to
the fibrillar matrix observed in early stage melanosomes. These internal fibrils
serve as a scaffold to polymerize and store the pigment, melanin. The aggrega-
tion and fibrillation propensity of RPT occurs only at the mildly acidic pH (4.5-
5.5), typical of melanosomes. However, these in vitro studies do not represent
the crowded and viscous conditions in vivo. To better understand how intraor-
ganellar environment might affect RPT aggregation, we used various types of
polymers, such as neutral polyethylene glycols and polysaccharides (e.g.
Ficolls) to simulate these conditions. We find that molecular crowding agents
dramatically accelerate amyloid formation as well as change fibril morphology.
Interestingly, the critical pH-regime for RPT was altered, with aggregation
occurring at pH > 6. These results demonstrate that RPT is highly amyloido-
genic when subjected to in vivo-like conditions.
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LC3 is a key component of the autophagy pathway, where it functions in auto-
phagosome formation and cargo recruitment. Recent proteomics analysis indi-
cates LC3 and other members of the ATG8 family interact with 67 different
proteins, many of which appear to bind to common sites on LC3. However,
it is currently unknown how many proteins are bound to LC3 at a given
time, or if cytoplasmic and nuclear forms of LC3 interact with similar or differ-
ent proteins. Here, we report several independent lines of evidence that suggest
LC3 is constitutively associated with a high molecular weight complex in both
the cytoplasm and nucleus. First, confocal FRAP measurements indicate that
Venus-LC3 diffuses significantly more slowly than Venus alone in both the
cytoplasm and nucleus of living cells. Second, fluorescence correlation
spectroscopy measurements of freshly prepared cell homogenates report the
correlation time of Venus-LC3 is longer than that of Venus alone. Third,
both cytoplasmic and nuclear forms of endogenous LC3 and Venus-LC3
migrate as part of a high molecular weight complex in blue native gel electro-
phoresis. To test whether multiple copies of LC3 are contained within the same
complex, we performed FRET analysis between Venus- and Cerulean-tagged
LC3, homoFRET analysis of Venus-LC3, and brightness analysis of Venus-
LC3. No FRET was detected between LC3 molecules in the cytoplasm or in
cell homogenates, and the brightness of LC3 was consistent with approximately
1 Venus-LC3 per complex. However, a small level of FRET was measured
between LC3 molecules in the nucleus, suggesting multiple copies of the pro-
tein may be present within the same complex. Experiments are currently under-
way to determine how the formation of these complexes is regulated as well as
to identify other complex components.
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Nearly all proteins and peptides have the ability to self-assemble into amyloid
fibrils when they are denatured. These highly ordered nanofibrils exhibit supe-
rior mechanical properties, and are therefore attractive candidates for applica-
tions in materials science and food industry. The flipside of the remarkable
stability is their accumulation in tissues in the context of conformational
diseases.
It is thought that the high stability and rigidity of amyloid fibrils is caused by
b-sheets, which are stabilized with hydrogen bridges. However, spectroscopic
measurements show that amyloids contain not only b-sheets, but also have
a pronounced a-helical and random coil content, and morphological measure-
ments show that amyloids are highly polymorphic. The link between molecular
conformation and the mesoscopic fibril structure and mechanical rigidity is still
not understood. Our strategy to elucidate this link is to measure both the me-
chanical properties and the molecular structure of amyloid fibrils prepared
from the model protein b-lactoglobulin (b-lg).
